INTRODUCTION
============

Childhood maltreatment is closely linked to increased vulnerability to behavioral problems related to self-control, such as impulsivity, substance abuse, and depression.[@B1] Among various childhood adversities, the harmful effects of parental verbal abuse (PaVA) and peer verbal abuse (PeVA) are comparable to other forms of abuse.[@B2][@B3] In addition, maltreatment during early adolescence has significant negative effects on the brain development, thus it can leave severe scars.[@B4][@B5]

Although verbal abuse creates detrimental effects, adolescents seems to use swear words without awareness of its seriousness. Approximately two out of three Korean middle and high school students use swear words more than once a day without recognizing the exact meaning.[@B6] In the United States, about one out of three adolescents in grade 6--10 have suffered from verbal bullying;[@B7] male and middle school aged students were more frequently involved.[@B8] Therefore, while children are exposed to swearing through their everyday lives, especially in school, swear words are considered as a normal form of communication among them. Although there is much evidence of the negative effect of hurtful words,[@B2][@B3] it is still unclear how exposure to swear words, mostly not intended to hurt someone, is detrimental to the brains of children with various degrees of past PeVA experiences. That may be one reason that parents have not easily answered the adolescent\'s question: "Why we should not use swear words?"

In neuroimaging studies with victims of childhood abuse, the disruption of the frontolimbic network (FLN) has been a frequently reported problem,[@B1] and this problem seems to be related to mood dysregulation.[@B9][@B10] In diffusion tensor imaging (DTI) studies, the main fiber tracts connecting the prefrontal cortex and subcortical regions were damaged by emotional abuse,[@B11][@B12] and the disturbance in cingulum bundle was related to depressive symptoms.[@B12] In addition, a change in the functional connectivity between the ventromedial prefrontal cortex (VMPFC) and amygdala that is related to early life stress is related with adolescent depression and anxiety.[@B13] Within the FLN, the ventrolateral prefrontal cortex (VLPFC) can also be impaired by abuse experiences.[@B14] The VLPFC was engaged in evaluation and regulation of emotion[@B15][@B16] and also involved in processing the negative life experiences-related information.[@B17][@B18][@B19][@B20] In previous brain imaging studies using emotional Stroop task, while the activities of the anterior cingulate cortex (ACC), the amygdala, and dorsolateral prefrontal cortex (DLPFC) were frequently reported in healthy participants,[@B21][@B22][@B23] the VLPFC was activated by panic-related words in panic disorder patients[@B17] and combat-related words in post-traumatic stress disorder (PTSD) patients.[@B18] Also, retrieval of negative autobiographical experiences also can trigger the activity in the VLPFC.[@B20] Previous study showing anatomical attenuation of prefrontal cortex in subjects with childhood sexual abuse at ages 14--16 years[@B5] suggested that prefrontal function maybe altered in middle adolescence with past PeVA. Thus, we hypothesized that PeVA experiences during childhood or middle school life can modulate the brain activity, especially in the VLPFC, response to swear words and the functional change are associated with greater psychiatric symptoms at middle adolescence.

To verify our hypotheses, an emotional Stroop paradigm was developed to induce an implicit emotional processing to swear words. During this task, functional magnetic resonance imaging (fMRI) was performed to measure the brain activities, especially focused on the VLPFC, amygdala, and hippocampus and the interaction among these regions.

Our study had three main purposes: 1) ascertain the effects of the implicit exposure to swear words, compared with other emotional effects, on brain function, 2) explain how previous PeVA modulates brain activities and the functional connectivity within the FLN, focused on the VLPFC, during the implicit processing of emotional words, especially swear words, 3) explore the relatedness between these changes and maladaptive behaviors. This study might provide the background needed to understand the effects of swearing on brain networks and modulatory impacts of previous PeVA experiences.

METHODS
=======

Subjects
--------

To recruit subjects that would represent the distribution of peer verbal abuse (PeVA) in the general student population, we first introduced an investigation of language use in Korean adolescents. In our study, only male students were recruited since the prevalence of verbal bullying is higher males than in females[@B7][@B8] and abusive experiences have different effects on brain development according to sex.[@B24][@B25] We considered that including sex effects on a small sample can reduce statistical power in fMRI analysis. In addition, we enrolled only first year high school students who were just after sensitive periods to various emotional abuses. Previous studies have reported that age 12--13 was a peak one of PeVA exposure,[@B3] and several studies suggest that the early adolescence is a critical period for brain development including FLN.[@B4][@B26][@B27] Furthermore, highly competitive academic environment might be a significant confounding factor in Korean high school students. Therefore, we thought first year high school students would be the most appropriate subject pool for evaluating early functional changes related to PeVA. Students who reported current experience of PeVA were excluded to focus on the effect of past PeVA experiences on brain function. Other exclusion criteria for all subjects were previous/current psychiatric history or sexual/physical abuse history, full-scale IQ less than 70, significant head trauma or brain disease history, or any magnetic resonance imaging contraindication.

Behavioral measurements
-----------------------

Exposure to parent or peer verbal abuse during elementary and middle school periods was assessed using the Verbal Abuse Questionnaire (VAQ), which evaluates 15 kinds of verbal abuse. A VAQ score of 40 or higher represents substantial exposure to PeVA.[@B3] This cut-off score of 40 was acceptable in our recent study with 5814 Korean university students.[@B28] Additionally, to verify the validity of the cutoff value, we used cluster analysis using the scores of PeVA and PaVA, and this cutoff score of 40 was generally acceptable to our data ([Supplementary Text 1](#S1){ref-type="supplementary-material"}, [Figure 1](#S5){ref-type="supplementary-material"} in the online-only Data Supplement). Therefore, we adopted a cutoff value of 40 to define the high-PeVA group. Subjects who were scanned by fMRI were divided into two groups consisting of 11 high-PeVA and 12 low-PeVA subjects. Anxiety and depression were evaluated using the State-Trait Anxiety Inventory (STAI)[@B29] and Beck Depression Inventory (BDI).[@B30] The usage frequency of swear words in peer relationships was measured using a 5-point Likert scale (0--4, 0=none, 1=once or twice a month, 2=once or twice a week, 3=once or twice a day, 4=almost always). A Mann-Whitney U test was used to measure the differences in behavioral features between the high-PeVA and low-PeVA groups.

Procedures
----------

We recruited 32 first year healthy male students from several high schools. All subjects were asked to complete a survey that contained questions related to behavior measurements using web-based questionnaires. Thirty participants completed the survey and 25 of them finally agreed to have fMRI scanning.

All 25 subjects accomplish our experiments along identical process. The experimenters explain fMRI task paradigms, and subjects conducted fMRI scanning. Also, two psychologists interviewed with participants to get diagnostic information of psychiatric disorders using the Kiddie-Schedule for Affective Disorders and Schizophrenia-Present and Lifetime Version-Korean Version (K-SADS-PL-K). After psychologists interviewed the participants, three authors in our study (one child psychiatrist and two psychiatrists) shared the information of participants to exclude participants who have psychiatric disorder. The Wechsler Intelligence Scale for Children-Revised (WISC-R) was used on participants to evaluate the intelligence of the subjects in the study. Among the 25 subjects, one subject with teeth braces was excluded and the data of one subject who exhibited much movement during fMRI due to rhinitis was excluded in the analysis. Finally, we obtained fMRI results from 23 subjects. All subjects joined voluntarily, and we received written informed consent from both the subjects and their parents for each step of study (behavioral measurements and fMRI). The study was approved by the Ethics Committee of the Korea Advanced Institute of Science and Technology (KAIST).

fMRI experimental design
------------------------

A modified Emotional Stroop task was designed to measure the implicit processing-related brain activity to emotional words. The task consisted of four different conditions of word stimuli: swearing (SWE), negative (NEG), positive (POS) and neutral (NEU). To choose appropriate word stimuli, sixty words per each condition were screened. Swear words were selected from a survey on the use of language in adolescence by the National Institute of the Korean Language in 2011.[@B6] Other emotional words were chosen from several Korean articles related to emotional language.[@B31][@B32][@B33][@B34] Using a questionnaire of 240 words, emotional valence and type were evaluated by thirty high school students who did not participate in the fMRI study. Emotional valence was evaluated by a 10-point Likert scale (0--9, 9 represents the highest emotional valence) and the type of emotional word was selected as one from six different choices (positive, anger, fear, disgust, sad, and neutral). Negative words were selected when four out of five students reported fear, disgust, or anger feelings because we believed swearing words may induce these kinds of emotions. Finally, 12 words per condition were selected. The mean valence of swear words (5.62) was similar to that of negative words \[5.59, t (22)=0.190, p=0.85\]; there were no significant differences between negative and positive words \[5.27, t (22)=1.688, p=0.11\] in emotional valence. Neutral words had a small mean emotional valence (0.83). There were no differences between conditions according to the number of letters and number of syllables.

During the fMRI session, the subjects performed the modified Emotional Stroop task. The four different conditioned words (SWE, NEG, POS and NEU) with three different colors (red, blue, and yellow) were represented for 0.75 s followed by a black screen for 3.25 s in a pseudorandomized order; subjects were asked to press buttons of an MRI-compatible response box with the right index, middle and ring finger according to color of the words. In addition, 45 color words with the same color (COLOR) were inserted to maintain attention during the intervals of the target stimuli.

Reaction time and error rate date were analyzed using 2 by 4 repeated measures one-way analysis of variance (RANOVA) to measure the effects of group, condition and group by trial. Incorrect responses and individual delayed response time (\>2SD from a subject\'s mean) were excluded for reaction time analysis.[@B17][@B35]

Image acquisition
-----------------

A total 200 blood oxygen level dependent based functional MRI images were acquired at 3.0 Tesla (Siemens) with 12 channel head coil using T2\*-weighted gradient echo, echo-planar imaging pulse sequence (35 axial slices, TR=2200 ms, TE=30 ms, flip angle=90 degrees, FOV=192×192 mm, acquisition matrix=64×64, slice thickness=3 mm, voxel size=3×3×3.3 mm). A high resolution structural image was obtained with a T1 weighed sequence (TI=900 ms, TR=1800 ms, TE=2.52 ms, Flip angle=9 degrees, FOV=256×256 mm, slice thickness=1 mm, voxel size=1×1×1 mm) before fMRI scanning.

fMRI analysis
-------------

All images were preprocessed using FMRI Expert Analysis Tool (FEAT) in the FMRIB Software Library (FSL).[@B36] EPI images were temporally high-pass filtered with a cutoff frequency 0.01 Hz to remove low-frequency drift and spatially smoothed using an 8 mm full-width/half-maximum Gaussian Kernel. Motion correction was performed using the linear interpolation method (MCFLIRT). Skull and non-brain areas of both anatomical and functional images were removed using a brain extraction tool (BET), and threshold values of anatomical images were searched manually to get satisfactory results. Registration from functional EPI images to T1 weighted anatomical volumes was conducted with 7 degrees of freedom, and T1 weighted anatomical images were registered to 2 mm MNI standard space with 12 degrees of freedom using FMRIB\'s Linear Image Registration Tool (FLIRT).

After preprocessing, single and group level fMRI analyses were performed with FEAT in the FMRIB Software Library (FSL).[@B36] SWE, NEG, POS, NEU, and COLOR variables with their temporal derivatives were modeled; all variables were convolved with a double gamma hemodynamic response function (HRF). A general linear model (GLM) was applied to measure parameter estimates of each condition. Also, motion parameters generated from motion correction step in preprocessing were added into GLM as confound variables. To assess differences in brain activity among SWE, NEG, POS and NEU conditions, the RANOVA applying the mixed effects model was conducted. Gaussian random field theory was applied to correct for multiple comparisons at the cluster-level. Threshold for statistical significance is a family-wise error corrected cluster threshold p\<0.05. From the RANOVA results, we extracted mean of parameter estimates using 10 mm diameter sphere around peak coordinate of each brain region to measure trends of activation patterns in these regions according to different kinds of emotional stimuli and to find the region more activated in SWE than in other emotional stimuli.

Additionally, an unpaired t-test applying the mixed effects model was performed using the parameter estimates of three emotional contrasts (SWE\>NEU, NEG\>NEU, and POS\>NEU) of each subject to assess differences between high-PeVA and low-PeVA group, and frequency of swear words exposure was included as covariate in this analysis.

Functional connectivity
-----------------------

In the study, we used a beta series correlation method[@B37] to measure the PeVA effects on swearing-task specific FLN connections between the left VLPFC and left amygdala and left hippocampus. Using FEAT in FSL,[@B36] the beta value of every trial event of four conditions was calculated, thus, 12 beta series ×4 conditions (SWE, NEG, POS, and NEU) were acquired in each ROI. Six motion parameters generated from MCFLIRT in the preprocessing step were added as confound variables to reduce the effects of head movement on beta series since head movement can affect the results of functional connectivity.[@B38][@B39] In addition, the mean displacements of head position were measured to find differences of the degrees of head movements between the high-PeVA group and the low-PeVA group; there were no significant differences in head movement between the groups ([Supplementary Table 1](#S2){ref-type="supplementary-material"} in the online-only Data Supplement). After getting the beta map of every trial event, each beta map was registered to an MNI standard space. The functional ROIs represented the left VLPFC, and the left amygdala and left hippocampus were selected from the activation maps of SWE vs. NEU in the RANOVA results. Each ROI\'s beta values were measured using a 10 mm in diameter mask around peak coordinates described in [Supplementary Table 2](#S3){ref-type="supplementary-material"} (in the online-only Data Supplement) (MNI coordinates (X/Y/Z) of left VLPFC=-42/24/-8, left amygdala=-20/-8/-14 and left hippocampus= -20/-30/-8). To reduce the effects of outliers, non-parameteric method was applied. Using the Spearman correlation between the beta series of two ROIs in SWE, NEG, POS and NEU contrast, the functional interactions of the left VLPFC-left amygdala, left VLPFC-left hippocampus, and left amygdala-left hippocampus were quantified at the individual level. The effects of group, trial and group by trial interaction on the connectivity were verified using RANOVA. In addition, to evaluate the effects of changes in brain functional connectivity on subjects\' behavior, the relationship between psychiatric symptom scores and FLN connectivity was measured using the Spearman correlation.

RESULTS
=======

Behavioral measurements
-----------------------

The results of the Mann-Whitney U test of the 23 subjects who participated in fMRI scanning are shown in [Table 1](#T1){ref-type="table"}. Among the various measurements, the ratings of PaVA (p=0.002) and depressive symptoms (p=0.011) were greater in the high-PeVA group than in the low-PeVA group. There were no differences in the swearing usage frequency, IQ and age between the two groups. The results of the total of 30 subjects are represented in [Supplementary Table 3](#S4){ref-type="supplementary-material"} (in the online-only Data Supplement).

In addition, reaction time and error rate during emotional Stroop task were evaluated using RANOVA. The data of 22 subjects (10 high-PeVA and 12 low-PeVA) were included and one high-PeVA data was missed by the error of button box. The trial effect on reaction time was significant \[F (3, 60)=5.518, p=0.002\]. In post hoc paired t-test, all emotional stimuli showed a delayed response time compared to NEU (all ps\<0.05) ([Supplementary Figure 2](#S6){ref-type="supplementary-material"} in the online-only Data Supplement), and there was no difference between emotional stimuli. Both group effect and group by trial interaction did not have a significant effect \[F (1, 20)=0.03, p=0.96 and F (3, 60)=1.345, p=0.27, respectively\]. In error rate analysis, there was no significant effect of group \[F (1, 20)=2.764, p=0.11\], trials \[F (3, 60)=1.534, p=0.22\] and group by trials \[F (3, 60)=2.130, p=0.11\]. Mean values of reaction time and error rate were described in [Table 1](#T1){ref-type="table"}.

The overall brain activity patterns induced by emotional word stimuli
---------------------------------------------------------------------

The activity of several brain regions that are related to emotion processing showed hyper-activation during SWE compared to NEU (Z\>2.3, corrected p\<0.05) ([Figure 1A](#F1){ref-type="fig"}). More detailed activated brain regions and activation patterns of these regions using extracted parameter estimates are shown in [Supplementary Figure 3](#S7){ref-type="supplementary-material"}, [Table 3](#S4){ref-type="supplementary-material"} (in the online-only Data Supplement). The activation of these regions presented a linear trend among SWE, NEG/POS and NEU. Furthermore, left VLPFC activity showed significant differences among emotional words stimuli \[F (3, 66)=14.49, p\<0.001\]; in post hoc analysis, hyperactivity in SWE compared to other emotional stimuli had these differences: 95% CI=70.42 to 247.27, p\<0.001 in SWE\>NEG and 95% CI=46.84 to 228.15, p\<0.001 in SWE\>POS contrasts ([Figure 1B](#F1){ref-type="fig"}). There was no region that shows significant activity in NEG\>SWE and POS\>SWE contrasts.

The differences in brain activity between high-PeVA and low-PeVA group during swear word processing
---------------------------------------------------------------------------------------------------

In the high-PeVA group, SWE stimuli induced significant activation in several regions including the bilateral VLPFC, left insular, bilateral amygdala, bilateral dorsolateral prefrontal cortex (DLPFC) and intracalcarine cortex (SWE\>NEU contrast, Z\>2.3, corrected p\<0.05) ([Figure 2A](#F2){ref-type="fig"}). The high-PeVA group had higher activation in the left insular and left VLPFC compared to the low-PeVA group ([Figure 2B](#F2){ref-type="fig"}) in SWE\>NEU contrast after controlling for the frequency of usage of swear words ([Figure 2C](#F2){ref-type="fig"}). In NEG\>NEU and POS\>NEU contrasts, there were not any significant differences in activation maps between the high-PeVA and low-PeVA groups (Z\>2, corrected p\<0.05).

To find the significance of the left VLPFC hyper-activation during swear word processing, the correlations between various behavioral measurements and the left VLPFC activity were evaluated. In the high-PeVA group, the activity of the left VLPFC was negatively associated with an anxiety trait (STAIT) (spearman\'s rho=-0.705, p=0.015) ([Figure 2D](#F2){ref-type="fig"}), but this correlation was not shown in the low-PeVA group (spearman\'s rho=0.291, p=0.358).

Differences in functional connectivity among the left VLPFC, left amygdala, and left hippocampus between the high-PeVA group and low-PeVA group
-----------------------------------------------------------------------------------------------------------------------------------------------

Left VLPFC--left hippocampus connectivity
-----------------------------------------

We assessed group differences in the left VLPFC--left hippocampus using RANOVA. The group effect on the left VLPFC--left hippocampus was significant \[F (1, 21)=7.777, p=0.011\], and the effects of trials and group by trial interaction did not have a significant effect on left VLPFC--left hippocampus connectivity \[F (3, 63)=1.565, p=0.21 and F (3, 63)=1.032, p=0.39, respectively\]. In post-hoc analysis using a t-test with Bonferroni correction for multiple comparisons (corrected p=0.05/4 or 0.0125), the high-PeVA group had a significantly higher left VLPFC--left hippocampus connectivity than the low-PeVA group in SWE conditions \[t (21)=2.759, p=0.012\] and a trend level difference in connectivity in NEG compared to the low-PeVA group \[t (21)=2.323, p=0.03\] ([Figure 3A](#F3){ref-type="fig"}).

Left VLPFC--left amygdala connectivity
--------------------------------------

The RANOVA analysis revealed a significant effect of group \[F (1, 21)=4.801, p=0.04\] on left VLPFC-left amygdala connectivity. There was no significant effect of trials \[F (3, 63)=1.520, p=0.22\] and group by trials interaction \[F (3, 63)=0.875, p=0.46\]. In post-hoc analysis, there was no significant group difference in functional connectivity between the left VLPFC and left amygdala among SWE, NEG, POS and NEU stimuli. There was only a trend of higher connectivity in the high-PeVA group than in the low-PeVA group in NEG and NEU contrast \[t (21)=2.054, p=0.053 and t (21)=2.099, p=0.048, respectively\] ([Supplementary Figure 4](#S8){ref-type="supplementary-material"} in the online-only Data Supplement).

Left amygdala--left hippocampus connectivity
--------------------------------------------

There was no significant effect of group \[F (1, 21)=2.916, p=0.1\], trials \[F (3, 63)=0.741, p=0.53\] and group by trials \[F (3, 63)=0.539, p=0.66\] on left amygdala--left hippocampus connectivity ([Supplementary Figure 4](#S8){ref-type="supplementary-material"} in the online-only Data Supplement).

The relationship between the left VLPFC-left hippocampus connectivity and ratings of depression
-----------------------------------------------------------------------------------------------

To find the possible relationship between the changes of functional connectivity and behavioral measurements, we evaluated the correlations between the left VLPFC-left hippocampus connectivity and behavioral measures. Within several behavioral measures, the ratings of BDI were highly correlated with the left VLPFC-left hippocampus connectivity in the high-PeVA group both at SWE and NEG conditions (Spearman\'s rho=-0.867, p=0.001 and Spearman\'s rho=-0.610, p=0.046, respectively). However, in the low-PeVA group, the left VLPFC-left hippocampus connectivity during negative emotional word processing did not show any significant correlation with BDI ([Figure 3B](#F3){ref-type="fig"}) ([Supplementary Figure 5](#S9){ref-type="supplementary-material"} in the online-only Data Supplement).

DISCUSSION
==========

In our study, although subjects had no overt psychiatric symptoms, adolescents in the high-PeVA group presented more depressive symptom scores, and had a higher frequency of previous PaVA experiences compared to low-PeVA group. Moreover, the high-PeVA group had greater activity of the VLPFC, negatively related to the anxiety trait, and higher functional interaction between the left VLPFC and left hippocampus, negatively related to the severity of depressive symptoms, during implicit processing to swear word. Our preliminary results, showing the exposure to PeVA links to functional changes in the left frontolimbic network which are related to psychiatric symptoms, suggest that swear words from peers can harm children even if the hurt was unintended or not overtly used.

In behavioral results, although frequency of exposure to swear words showed no group difference, PeVA experiences were closely related with PaVA experiences. A previous study reported that parental maltreatment can be a risk factor for victimization by peers.[@B40] It is still unclear how the two verbal abuses, PaVA and PeVA, are closely related. However, it is possible that children who were verbally mistreated by their parents did not have positive self-esteem, and they could not establish healthy defense mechanisms to keep themselves away from peer bullying.[@B41] Also, in emotional Stroop task, although interference effect of emotional stimuli were reported similar with previous study,[@B35] there was no group effect on reaction time and error rate. None of our subject reported a significant psychiatric problem in constructed interview (K-SADS-PL-K), and it can affect our behavioral results. In previous study using emotional Stroop task, preclinical subjects did not show significant difference with normal control.[@B42]

In the fMRI analysis, the brain regions engaged in emotion processing,[@B43] including the VLPFC, DLPFC, amygdala and hippocampus, showed linear trend in activation (SWE\>NEG\> NEU) although there were no significant differences between swear words and negative words in emotional valence (p=0.85). Thus, the swear words have more impact on adolescents\' brain than what they think.

Within various brain regions that were activated in SWE\>NEU, the VLPFC was significantly more activated in high-PeVA group than low-PeVA group. In recent meta-analysis, the left inferior frontal gyrus including the VLPFC was activated by basic negative emotional stimuli; disgust and anger stimuli induced a higher level of activation in this region compared to sadness.[@B44] While the VLPFC was involved in basic emotion processing, group differences were observed only in SWE\>NEU, not NEG\>NEU contrasts. The characteristics of the VLPFC and our preclinical subjects can affect these results. In patients with major depressive disorder, hyperactivity in the VLPFC during automatic emotional regulation is frequently reported.[@B45] Furthermore, previous studies reported that the VLPFC can be closely linked with the process of emotion regulation associated with individual\'s experiences. Role of the VLPFC during emotion regulation is associated with voluntary processes,[@B43][@B45] such as emotion reappraisal[@B15][@B16][@B46] and suppression.[@B47][@B48] In addition, retrieval of autobiographic memory, [@B20][@B49] or processing trauma-related information[@B19] can induce the VLPFC activity. Therefore, role of the VLPFC in high-PeVA group seems to associate with control mechanism to reduce the negative emotional effects triggered by swear words that were closely connected to previous PeVA experiences. Our negative correlation result between the VLPFC activity and anxiety trait can support this explanation, and previous studies also reported top-down regulatory process of the VLPFC that is related to anti-anxiety effects.[@B13][@B50][@B51]

In previous fMRI studies, increased amygdala-responsiveness to negative stimuli was commonly reported in the victims of childhood maltreatments.[@B52][@B53][@B54][@B55][@B56][@B57] In our study, although we did not find any significant difference in amygdala-responsiveness between high-PeVA and low-PeVA groups, bilateral amygdala were activated during swearing stimuli in high-PeVA group. Our subjects were preclinical, and no subject reported significant psychiatric symptoms, even in high-PeVA group. Therefore, subjects who had prominent problems in regulatory mechanism on the amygdala activity might be excluded. Additionally, types of stimuli can be related with our results. While all of the previous studies mentioned above used face stimuli as the negative emotional stimuli, we selected emotional words selected using a preliminary survey by high school students. One recent study with complex PTSD using words stimuli also did not report the amygdala hyperactivity.[@B58]

During swear word processing, functional connection between the left hippocampus and the left VLPFC was more enhanced in the high-PeVA group than in the low-PeVA group. The hippocampal region and the lateral prefrontal cortex are anatomically connected;[@B59] however, the specific function of this network is yet unclear. Our functional ROI of the left hippocampus was located in the posterior part of the hippocampus; in comparative studies, the posterior hippocampal region also has direct afferent and indirect efferent connections with the lateral prefrontal cortex.[@B60][@B61] Previous studies reported that the posterior part of the hippocampus seems to be more involved in memory retrieval than in encoding;[@B62][@B63][@B64] the function of the left side of the hippocampus is related to meaningful verbal memory encoding and retrieval.[@B65][@B66] Thus, the left posterior hippocampus region may be closely related to memory retrieval associated with PeVA experiences, and the VLPFC may guide the selection of relevant memory retrieval through a top-down process.[@B67] The VLPFC-hippocampus connection is related to controlled retrieval.[@B68] The children who have traumatic memories related to swear words can be easily re-traumatized by being exposed to swear words and associated memories; thus they might use more energy to control their unhappy memory through the left VLPFC--left hippocampus network. Additionally, in the high-PeVA group, the activity of this network played a role in reducing their depressive symptoms. Therefore, this network may be a compensatory mechanism to manage their traumatic experience. However, the role of the left VLPFC--left hippocampus on depressive symptoms should be clarified in future study because subjects in our preclinical study represented low BDI scores even in high-PeVA group (mean=7.91).

There are some limitations that should be noted. First, our sample size was rather small for evaluating correlations between psychiatric symptoms and activity or connectivity of the brain regions. However, we recruited adolescents who had recently graduated middle school, a developmentally sensitive period,[@B3] but were easily exposed to swear words. Also, to exclude the effects of psychiatric symptoms on the behavior and the brain network of the adolescents, only those subjects who had no significant psychiatric symptoms were included in the study. Therefore, our study can give preliminary evidence to understand the functional brain mechanism in the victims of PeVA. Second, although we set the cutoff score based on a previous study,[@B3][@B28] the cutoff score of 40 was still yet somewhat arbitrary. However, we hypothesized and tried to show that the role of a specific brain region or a network can be different in high-PeVA and low-PeVA subjects. It was difficult to divide subjects into two distinct groups, since PeVA is not a psychiatric disease that can be diagnosed. Thus, to compensate this limitation, we verified the cut-off score using a cluster analysis, and found that the cut-off score was acceptable in our previous study with 5814 young adults.[@B28] Nonetheless, this cutoff score can be confined to young adults, such as university students, and it can cause bias on our results. Third, PeVA was assessed using self-administrated questionnaire that may have a retrospective memory problem. We believe PeVA may be a type of painful memory that is reflected from what adolescents felt rather than what they experienced. Our results may be more confirmative if objective measurements, such as evaluation of subjects\' parents or teacher, were included in this study. An increased activity of the FLN, shown in our results, needs to be confirmed by further longitudinal studies with subjects with a wider age range. Sex and age effects on brain function changes in the PeVA group should be clarified in a further study.

In spite of these limitations, our preliminary results indicated that the VLPFC and left VLPFC--left hippocampus network were important in processing swear words in high-PeVA adolescents. The victims of PeVA seems to require more resources to control the stimuli that were related to previous negative experiences, even if it is implicitly presented, and the disruption of the regulatory processes may lead anxiety and depressive symptoms. We think these results may be able to provide the clues in understanding how verbal abuse experiences can induce depressive symptoms and be the possible answer to the question: "Why should adolescents not use swear words without any concern for their peers?"
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###### Supplementary Text 1

Cluster analysis

###### Supplementary Table 1

The results of Mann-Whitney U test to compare degrees of mean head movement between high-PeVA and low-PeVA group

###### Supplementary Table 2

Brain regions that showed significant activation during SWE compared to NEU in one-way repeated measures ANOVA

###### Supplementary Table 3

The results of Mann-Whitney U test of behavioral measurements between high-PeVA and low-PeVA group in total subjects

###### Supplementary Figure 1

The cluster plot using 'fpc' package of R. Our data was divided into two groups. All peer verbal abuse questionnaire (VAQ) scores ≥40 was assigned to one group, except one subject (peer VAQ=40, parental VAQ=31). The two groups explain 100% of the point variability.

###### Supplementary Figure 2

The results of reaction time in emotional Stroop task. The trial effect on reaction time was significant \[F (3, 60)=5.518, p=0.002\]. The differences between NEG, POS and NEU were significant after Bonferroni correction \[t (21)=3.356, ^\*^p=0.003 and t (21)=4.030, ^\*\*^p=0.001, respectively\]. Also, SWE trial showed a trend level difference compared to the NEU \[t (21)=2.323, p=0.046\>0.05/6\]. There was no significant difference between emotional stimuli (SWE, NEG, and POS). SWE: swearing, NEG: negative, POS: positive, NEU: neutral word.

###### Supplementary Figure 3

Brain regions showed more activity during SWE than NEU in repeated ANOVA and linear patterns of activation between SWE, NEG and NEU. Several brain regions, the left VLPFC, left insular, bilateral DMPFC and left amygdala, were more activated during SWE compared to NEU (Z\>2.3, corrected p\<0.05). In these regions, there were linear patterns of activations between SWE, NEG and NEU. L: left, VLPFC: ventrolateral prefrontal cortex, DLPFC: dorsolateral prefrontal cortex, DMPFC: dorsomedial prefrontal cortex, VMPFC: ventromedial prefrontal cortex, LOC: lateral occipital cortex, PCC: posterior cingulate cortex, SWE: swearing, NEG: negative, POS: positive, NEU: neutral word, ANOVA: analysis of variance.

###### Supplementary Figure 4

The group differences between high-PeVA and low-PeVA group in left amygdala functional connectivity with the left VLPFC and left hippocampus. A: Overall functional connectivity of the left VLPFC--left amygdala during the modified emotional Stroop task was greater in high-PeVA than in low-PeVA \[F (1, 21)=4.801, p=0.04\]. Although there was no significant difference between the two groups after Bonferoni correction, the high-PeVA group had marginally greater connectivity between the left VLPFC and the left amygdala than the low-PeVA group in the NEG and NEU contrast (p=0.053, 0.046, respectively). B: There were also not any significant effects of group (p=0.1), trials (p=0.53) and group^\*^trials (p=0.66) on left amygdala--left hippocampus connectivity. VLPFC: ventrolateral prefrontal cortex, PeVA: peer verbal abuse, SWE: swearing, NEG: negative, POS: positive, NEU: neutral word.

###### Supplementary Figure 5

The regression graphs between the left VLPFC--left hippocampus connectivity and depressive symptoms in the high-PeVA and the low-PeVA group. A: In the high-PeVA group, the ratings of BDI were negatively associated with the connectivity of the left VLPFC--left hippocampus in SWE (B) and NEG (Spearman\'s rho=-0.867, p=0.001 and Spearman\'s rho=-0.610, p=0.046, respectively). 95% of confidence interval is depicted using a dotted line. VLPFC: ventrolateral prefrontal cortex, PeVA: peer verbal abuse, BDI: Beck depression inventory, SWE: swearing, NEG: negative.

![Brain regions showed more activity during SWE than NEU in repeated ANOVA. A: Several brain regions including left VLPFC, left insular and left amygdala were more activated during SWE compared to NEU (Z\>2.3, corrected p\<0.05). B: Among various brain regions, the left VLPFC activities were greater in SWE than other emotional stimuli \[F (3, 66)=14.49, p\<0.001\]. The parameter estimates of the left VLPFC were extracted using a 10 mm sphere around the peak MNI coordinates (X/Y/Z) (-42/24/-8). R: right, VLPFC: ventrolateral prefrontal cortex, DLPFC: dorsolateral prefrontal cortex, DMPFC: dorsomedial prefrontal cortex, VMPFC: ventromedial prefrontal cortex, LOC: lateral occipital cortex, PCC: posterior cingulate cortex, SWE: swearing, NEU: neutral words, ROI: region of interest, MNI: Montreal Neurological Institute.](pi-14-441-g001){#F1}

![Regions showed hyperactivity in the high-PeVA group compared to the low-PeVA group in SWE\>NEU. A: In the SWE vs. NEU contrast, the high-PeVA group showed activity of several brain regions including the left insular, VLPFC and visual information processing areas, (B) and the low-PeVA group represented visual cortex activity (Z\>2.3, corrected p\<0.05). C: Compared with the low-PeVA group, the high-PeVA group exhibited greater activity in the left insular and left ventrolateral prefrontal cortex (VLPFC) after controlling for the frequency of usage of swear words (Z\>2, corrected p\<0.05). D: Additionally, the activity of the left VLPFC extracted by a 10 mm ROI (peak MNI coordinates=-42/24/-8) was negatively correlated with ratings of an anxiety trait (p=0.015). 95% of confidence interval is depicted by a dotted line. PeVA: peer verbal abuse, STAI-T: Stait-Trait Anxiety Inventory, SWE: swearing, NEU: neutral words, ROI: region of interest, MNI: Montreal Neurological Institute.](pi-14-441-g002){#F2}

![The functional connectivity patterns between the left VLPFC and the left hippocampus. A: The overall functional connectivity of the left VLPFC-left hippocampus during the modified emotional Stroop task were greater in the high-PeVA group than in the low-PeVA group (F=7.777, p=0.011). The high-PeVA group had significantly higher left VLPFC-left hippocampus connectivity during SWE stimuli compared to the low-PeVA group (^\*^p=0.012) and a trend of higher connectivity in NEG stimuli than the low-PeVA group (p=0.03). B: Moreover, in the high-PeVA group, the ratings of BDI were negatively associated with the connectivity of the left VLPFC-left hippocampus in SWE (p=0.001). PeVA: peer verbal abuse, BDI: Beck depression inventory, VLPFC: ventrolateral prefrontal cortex, SWE: swearing, NEG: negative words.](pi-14-441-g003){#F3}

###### The results of Mann-Whitney U test of behavioral measurements between high-PeVA and low-PeVA group in MRI participants

![](pi-14-441-i001)

^\*^frequency of swearing=sum of the frequency of hearing or speaking swear words, ^†^the number of high-PeVA=10. VAQ: Verbal Abuse Questionnaire, STAI: Stait-Trait Anxiety Inventory, BDI: Beck Depression Inventory, RT: reaction time, ER: error rate, PeVA: peer verbal abuse group, MRI: magnetic resonance imaging, IQ: intelligence quotient, SWE: swearing, NEG: negative, POS: positive, NEU: neutral words
